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(57) ABSTRACT

Embodiments of an apparatus and method for providing cool-
ing of probes for testing of integrated circuits are generally
described herein. In some embodiments, an apparatus com-
prises a probe head assembly configured to hold one or more
probes that are adapted to provide electrical contact with an
integrated circuit device under test (DUT), a DUT chuck
adapted to hold the DUT for contact with the probes, a seal
arranged between the probe head assembly and the DUT
chuck to form a chamber when the seal is in contact with the
probe head assembly and the DUT chuck, and a first port and
asecond port arranged to provide fluid flow into and fluid flow
out of the chamber.

CPC ... GOIR 1/0408; GO1R 31/2886; GO1R 23 Claims, 9 Drawing Sheets
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POSITIONING A SEAL BETWEEN A PROBE HEAD ASSEMBLY
AND A DUT CHUCK TO FORM A CHAMBER WHEN THE
SEAL IS IN" CONTACT WITH THE PROBE HEAD ASSEMBLY
AND THE DUT CHUCK

+ o

FORMING FIRST AND SECOND PORTS ARRANGED TO PROVIDE
FLUID INFLOW AND FLUID OUTFLOW TO THE CHAMBER

/7



U.S. Patent Jun. 2, 2015 Sheet 7 of 9 US 9,046,569 B2

o
2 3
N
Lo
L~
<=
]
o —
= ' S Q
=l u = I D
)
& | =
a-
|
w
[}
[a]
()]
&
e
b~
rg




U.S. Patent Jun. 2, 2015 Sheet 8 of 9 US 9,046,569 B2

2
e 5
wn
2
far=]
~
3
|
[ ~
=5 ' S >
5| = = S S
Lol
O | m — Q
L l —)
o [
|
w
|
a
(-]
g
W2
L~
rg




U.S. Patent Jun. 2, 2015 Sheet 9 of 9

US 9,046,569 B2

~40)

440 |1‘ o H-‘
A0

SIDE VIEW

~ 45

?
LAN

Vo

¢
A0



US 9,046,569 B2

1

SEAL METHOD FOR DIRECT LIQUID
COOLING OF PROBES USED AT FIRST
LEVEL INTERCONNECT

TECHNICAL FIELD

Embodiments pertain to testing of integrated circuits or
1Cs. Some embodiments relate to IC test fixtures that allow
for cooling of IC test probes.

BACKGROUND

Feature sizes of integrated circuits or ICs continue to
decrease. This provides challenges to manufacturers of ICs,
one of which is the testing of ICs. The reduction in the pitch
of IC interconnects leads to reduction in the cross sectional
area of probes that are used contact the ICs and connect the
ICs to test equipment. The cross sectional area of a probe
impacts the ability of the probe to carry current. A small cross
sectional area can lead to the probe burning when current is
applied to the probe or to burning at the probe/IC interface
(e.g., an IC pad). IC processes have begun to reach the point
where probes that can be used to test the manufactured ICs no
longer have sufficient cross sectional area to avoid probe
burns. Thus, there are general needs for systems and methods
that reduce destruction of probes and IC die associated with
smaller probe size.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows portions of an example of a device to provide
cooling of test probes in accordance with some embodiments;

FIGS. 2-6 and 8-10 show additional examples of devices to
provide cooling of test probes in accordance with various
embodiments; and

FIG. 7 shows a flow diagram of an example of a method of
making a device to provide cooling of test probes in accor-
dance with some embodiments.

DETAILED DESCRIPTION

The following description and the drawings sufficiently
illustrate specific embodiments to enable those skilled in the
art to practice them. Other embodiments may incorporate
structural, logical, electrical, process, and other changes. Por-
tions and features of some embodiments may be included in,
or substituted for, those of other embodiments. Embodiments
set forth in the claims encompass all available equivalents of
those claims.

As explained previously herein, IC feature sizes have
begun to reach the point where probes used to test ICs no
longer have sufficient cross sectional area to avoid probe
burns. One solution to offset the reduction in cross sectional
areaisto cool the probes. This would allow the probes to carry
the desired current without burning. Direct cooling of the
probes may increase the current carrying capacity of the
probes by several hundred percent over baseline, but sealing
at least a portion of the device under test (DUT) to contain the
coolant is difficult.

FIG. 1 shows portions of an example of a device 100 to
provide cooling of test probes. The device can be included in
awafer tester (e.g., wafer probing station) or a tester for an IC
separated from a wafer. The device 100 includes a probe head
assembly 105 that can hold one or more probes 110. The
probes 110 can be included in a probe card having an array of
probes that carry current during testing of the DUT. The probe
card is typically replaceable and the probes 110 of the probe
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card can be micro-spring probes. The probes 110 are used to
provide electrical contact with an integrated circuit device
under test (DUT). The probe head assembly 105 can be in
electrical communication with a printed circuit board (PCB)
that provides for routing of electrical signals between the IC
tester and the DUT. In some examples, the PCB 125 provides
signal processing functions such as filtering and amplification
of electrical signals.

The device 100 also includes a DUT chuck 115 to hold a
DUT for electrical contact with the probes 110. When the
DUT is mounted on the DUT chuck 115, one or both of the
DUT chuck 115 and the probe head assembly 105 can be
movable to provide contact between the probes 110 and DUT.

The device 100 further includes a seal 120 arranged
between the probe head assembly 105 and the DUT chuck
115. The seal 120 forms a chamber by providing walls for the
chamber when the seal 120 is in contact with the probe head
assembly 105 and the DUT chuck 115. The seal 120 can
include an elastomer material (e.g., silicone). The seal 120
can be mounted on the probe head assembly 105 and the seal
120 contacts the DUT chuck 115 when the probe head assem-
bly 105 is moved toward the DUT chuck 115. In another
arrangement, the seal 120 can be mounted on the DUT chuck
115 and the seal 120 contacts the probe head assembly 105
when the probe head assembly is moved toward the DUT
chuck 115.

The chamber formed with the seal 120 can contain the
coolant used to cool the probes 110 during testing of the DUT
or during a portion of the testing of the DUT. The device 100
can include liquid ports for coupling to a liquid source that
provides a coolant (e.g., Fluorinert™) to the probes 110. In
the example shown in the Figure, the device 100 includes a
first port 130 and a second port 135 that provide liquid inflow
and outflow to the chamber. Coolant may be introduced or
injected via one port and warmed coolant can exit via the
other port. As shown, the first and second ports are included in
the DUT chuck 115. However, other arrangements may be
useful. For instance, the first and second ports can be included
in the probe head assembly 105 (as shown in FIG. 8), or one
port (e.g., the first port 130) can be included in the DUT chuck
115 and the other (e.g., the second port 135) can be included
in the probe head assembly 105 (as shown in FIG. 9).

Securing or mounting the seal to the probe head assembly
105 or the DUT chuck 115 can prevent the seal from moving
or falling out of place during the testing. A vertical force
provided by the probe head assembly 105 or the DUT chuck
115 can maintain the seal on the other surface. To minimize
the impact the probe testing, the applied vertical force can be
keptunder 10 pound force (10 1bf). In some examples, the seal
120 can be 6 millimeters (6 mm) tall as long as the working
pressure of the coolant within the seal remains below 15
pounds per square inch (15 psi). The seal material may be
flexible and have compliance in the vertical direction of about
100 to 200 micrometers (100-200 um) to allow some vertical
displacement of the probes while the seal is maintained. This
allows the device 100 to maintain a seal for the chamber when
the probes 110 are positioned above the DUT and when the
probes contact the DUT.

FIG. 2 shows other examples of portions of a device 200 to
provide cooling of test probes. The side view shows an
example ofa seal 220 mounted on a probe head assembly 205.
The DUT chuck 215 includes a surface with one or more
ribbed structures 240 formed on the surface of the DUT chuck
215 to contact a surface of the seal 220. The seal 220 includes
anundercut to help secure the seal 220 to the ribbed structures
240. Securing or mounting the seal 220 to one surface (e.g.,
the downward surface of the probe head assembly 205) and
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providing ribs 240 on the other surface (e.g., the upward
surface of the DUT chuck 215) that engage the seal 220 may
allow for higher working pressures within the chamber
formed by the seal 220. FIG. 2 also shows top views of a
square shaped seal 255 and a circular shaped seal 260.

FIG. 3 shows still another example of portions of a device
300 to provide cooling of test probes. The example shows the
seal 320 secured to the probe head assembly 305 using com-
plimenting rib structures 340 of the seal 320 and probe head
assembly 305. In another example, the seal 320 is secured to
the DUT chuck 315 using complimenting rib structures of the
seal 320 and DUT chuck 315.

FIG. 4 shows still another example of portions of a device
400 to provide cooling oftest probes. The device 400 includes
a seal 420 having a double wall. The seal 420 forms a double-
walled chamber when the seal 420 is in contact with the probe
head assembly 405 and the DUT chuck 415. The seal 420 can
be undercut to contact ribbed structures 440 on the surface of
the DUT chuck 415. In the example shown, the seal 420 is
secured or mounted to the surface of the probe head assembly
405 and the ribbed structures 440 are located on the surface of
the DUT chuck 415. A different arrangement can be used
(shown in FIG. 10) where the seal is mounted to the DUT
chuck 415 and the ribbed structures are on the surface of
probe head assembly 405.

FIG. 4 also shows top views of a square shaped double-
walled seal 455 and a circular shaped double-walled seal 460.

The double-walled seal allows for two chambers to sur-
round the DUT: a first chamber to contain the DUT and a
second chamber between the double walls of the seal 420. In
some examples, the device 400 includes a third port 437
(shown using dashed lines) to access the chamber between the
double walls of the seal. The first and ports (430, 435) can be
used to provide a first pressure (P1 in the Figure) to the inner
chamber and the third port can be used to provide pressure (P2
in the Figure) between walls of the double-wall of the seal.
Positive pressure applied between the two chambers (P2>P1)
will aid in sealing the coolant within the seal 420. The double-
walled seal provides a backup in case the first seal fails, and
the positive pressure prevents liquid from escaping.

FIG. 5 shows still another example of portions of a device
500 to provide cooling of test probes. The Figure shows a side
view of a seal 520 that includes a bladder that is inflatable with
a gas or with aliquid. The bladder provides a balanced sealing
force around the probe and DUT region.

FIG. 6 shows still another example of portions of a device
to provide cooling of test probes. The Figure shows a side
view of a seal 620 that is a bellowed gasket. When the probes
are in contact or near-contact with the DUT, the walls of the
gasket are configured (e.g., by shape and size) to become
bellowed or deflect horizontally (e.g., deflect in as shown), or
in a direction perpendicular to the height of the walls of the
gasket. This can be caused by having the height of the walls of
the gasket being longer than the distance between the probe
head assembly 605 and the DUT chuck 615. The bellowing
can also be caused by reducing the distance between the probe
head assembly 605 and the DUT chuck 615 relative to the
height ofthe walls of the gasket seal. For instance, one or both
of the probe head assembly 605 and the DUT chuck 615 can
include a stop to cause the gasket walls to bellow when the
probes are in contact or in near-contact (e.g., 100-200 um)
with the DUT. In some examples, the walls of the gasket are
shaped to cause deflection in a specific direction when a
vertical force is applied to one or more ends of the walls of the
gasket.

FIG. 7 shows a flow diagram of an example of a method
700 of making a device to provide cooling of test probes. At
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block 705, aseal is positioned between a probe head assembly
and a DUT chuck to form a chamber when the seal is in
contact or near-contact with the probe head assembly and the
DUT chuck. The probe head assembly is configured to hold
one or more probes that provide electrical contact with the
DUT, and the DUT chuck is configured to hold the DUT for
contact with the probes. The positioning of the seal can
include mounting the seal on the probe head assembly or
mounting the seal on the DUT chuck.

At block 710, first and second ports are formed and are
arranged to provide liquid inflow and liquid outflow to the
chamber when the chamber is formed. A port can be formed
in one or both of the probe head assembly and the DUT chuck.

In some examples, the seal includes a double-wall seal that
forms a double-wall chamber when the seal is in contact with
the probe head assembly and the DUT chuck. The method 700
can include forming a third port arranged to provide a positive
pressure to a region between walls of the double-wall seal. In
some examples, the seal includes a bladder that can be
inflated to form a seal between the probe head assembly and
the DUT chuck. In some examples, the seal includes a gasket
having walls that deflect to form a bellowed gasket when a
vertical force is applied to the walls of the seal.

ADDITIONAL NOTES

The above detailed description includes references to the
accompanying drawings, which form a part of the detailed
description. The drawings show, by way of illustration, spe-
cific embodiments in which the invention can be practiced.
These embodiments are also referred to herein as “examples.”
All publications, patents, and patent documents referred to in
this document are incorporated by reference herein in their
entirety, as though individually incorporated by reference. In
the event of inconsistent usages between this document and
those documents so incorporated by reference, the usage in
the incorporated reference(s) should be considered supple-
mentary to that of this document; for irreconcilable inconsis-
tencies, the usage in this document controls.

The Abstract is provided to comply with 37 C.F.R. Section
1.72(b) requiring an abstract that will allow the reader to
ascertain the nature and gist of the technical disclosure. It is
submitted with the understanding that it will not be used to
limit or interpret the scope or meaning of the claims. The
following claims are hereby incorporated into the detailed
description, with each claim standing on its own as a separate
embodiment. Also, in the following claims, the terms “includ-
ing” and “comprising” are open-ended, that is, a system,
device, article, or process that includes elements in addition to
those listed after such a term in a claim are still deemed to fall
within the scope of that claim. Moreover, in the following
claims, the terms “first,” “second,” and “third,” etc. are used
merely as labels, and are not intended to impose numerical
requirements on their objects.

What is claimed is:

1. An apparatus comprising:

a probe head assembly (105) configured to hold one or
more probes (110), wherein the probes are adapted to
provide electrical contact with an integrated circuit
device under test (DUT);

a DUT chuck (115) adapted to hold the DUT for contact
with the probes;

aseal (120) arranged between the probe head assembly and
the DUT chuck to form a chamber when the seal is in
contact with the probe head assembly and the DUT
chuck; and
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a first port (130) and a second port (135) arranged to pro-
vide flow of liquid into and out of the chamber, wherein
said one of said first and second ports is located within
said DUT chuck.

2. The apparatus of claim 1, wherein the seal is mounted on
the probe head assembly and is arranged to contact the DUT
chuck when the DUT chuck is moved toward the probe head
assembly.

3. The apparatus of claim 1, wherein the seal is mounted on
the DUT chuck and is arranged to contact the probe head
assembly when the DUT chuck is moved toward the probe
head assembly.

4. The apparatus of claim 1, wherein the first and second
ports are included in the DUT chuck.

5. The apparatus of claim 1, wherein the first and second
ports are included in the probe head assembly.

6. The apparatus of claim 1, wherein the first port is
included in the DUT chuck and the second port is included in
the probe head assembly.

7. The apparatus of claim 1, wherein the seal (420) includes
a double wall arranged to form a double-walled chamber
when the seal is in contact with the probe head assembly and
the DUT chuck.

8. The apparatus of claim 7, including a third port arranged
to provide a pressure between walls of the double-wall of the
seal.

9. The apparatus of claim 7, wherein the probe head assem-
bly includes a ribbed surface arranged to contact a surface of
the seal.

10. The apparatus of claim 7, wherein the DUT chuck
includes a ribbed surface arranged to contact a surface of the
seal.

11. The apparatus of claim 1, wherein the seal includes a
bladder (520), wherein the bladder is inflatable with a gas or
a fluid.

12. The apparatus of claim 1, wherein the seal comprises a
flexible material and maintains a seal for the chamber when
the probe head assembly positions the one or more probes
above the DUT and when the probe head assembly positions
the one or more probes to contact the DUT.

13. The apparatus of claim 1, wherein the probe header
assembly includes a probe card having an array of probes that
carry current during testing of the DUT.

14. The apparatus of claim 1, wherein walls of the seal are
configured to form a bellowed gasket (620) when the probes
are in contact or in near-contact with the DUT.

15. A method comprising:

positioning a seal between a probe head assembly and a
DUT chuck to form a chamber when the seal is in contact
with the probe head assembly and the DUT chuck,
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wherein the probe head assembly is adapted to hold one
or more probes that provide electrical contact with the
DUT, and the DUT chuck is adapted to hold the DUT for
contact with the probes; and

forming first and second ports arranged to provide flow of
liquid into and out of the chamber, wherein said one of
said first and second ports is located within said DUT
chuck.

16. The method of claim 15, wherein positioning the seal

includes mounting the seal on the probe head assembly.

17. The method of claim 15, wherein positioning the seal
includes mounting the seal on the DUT chuck.

18. The method of claim 15, wherein positioning a seal
includes positioning a double-wall seal between a probe head
assembly and a DUT chuck to form a double-wall chamber
when the seal is in contact with the probe head assembly and
the DUT chuck.

19. The method of claim 15, including forming a third port
arranged to provide a positive pressure to a region between
walls of the double-wall seal.

20. The method of claim 15, wherein positioning a seal
includes positioning a seal having a bladder between a probe
head assembly and a DUT chuck to form the chamber when
the bladder of the seal is inflated and the inflated seal is in
contact with the probe head assembly and the DUT chuck.

21. A system comprising:

a probe head assembly (105) configured to hold one or
more probes (110), wherein the probes are adapted to
provide electrical contact with an integrated circuit
device under test (DUT);

a DUT chuck (115) adapted to hold the DUT for contact
with the probes;

aseal (120) arranged between the probe head assembly and
the DUT chuck to form a chamber when the seal is in
contact with the probe head assembly and the DUT
chuck;

a first port (130) and a second port (135) arranged to pro-
vide flow of liquid into and out of the chamber; and

a fluid source coupled to at least one of the first port and the
second port, wherein said one of said first and second
ports is located within said DUT chuck.

22. The system of claim 21, wherein the seal is mounted on
the probe head assembly and is arranged to contact the DUT
chuck when the DUT chuck is moved toward the probe head
assembly.

23. The system of claim 21, wherein the seal is mounted on
the DUT chuck and is arranged to contact the probe head
assembly when the DUT chuck is moved toward the probe
head assembly.



